Abstract -The objective of this work was to determine the effects of rainfall, temperature, predators, parasitoids, plant age, leaf chemical composition, levels of leaf nitrogen and potassium, besides density of leaf trichomes, on attack intensity of Bemisia tabaci biotype B on the Cucumis sativus. An increase in the number of whitefly adults and nymphs per leaf was observed with plant aging. A higher number of whitefly adults per leaf and eggs cm -2 was verified in the apical part than in the middle and bottom part of the plants canopy. However, the higher number of whitefly nymphs was observed in the mid-part than in the apical and bottom part of the plant canopy. The incidence of whitefly nymphs was negatively affected with foliar nitrogen. Pentacosane and octacosane positively affected whitefly adults and the first compound also affected the nymphs of this pest species.
Introduction
Whitefly Bemisia tabaci biotype B (Homoptera: Aleyrodidae) debilitates Cucurbitaceae plants by sucking the sap, introducing toxins into the plant's vascular system, coating the leaf with honey dew, which facilitates the growth of soots mold fungi, as well as inducing leaf physiological disorders (squash silverleaf) McAuslane et al., 1996) .
Insecticides for control of whitefly are intensively used. One of the main reasons for this extensive application is the lack of information about the factors which regulates whitefly populations. Such piece of information could facilitate the prediction of the attack by insects, potencially reducing economic losses caused by them (Dent, 1995) .
Many factors can influence population density of whitefly in host plants such as weather, levels of nitrogen (N) and potassium (K), age and vigour of plants, type and densities of trichomes, allelochemicals and natural enemies (Dent, 1995; Leite, 2000) .
The objective of this work was to evaluate the effects of predators, parasitoids, rainfall, temperature, leaf chemical composition, levels of N and K leaf, density of leaf trichomes, and plant age on attack intensity of whitefly on cucumber under field conditions.
Material and Methods
This experiment was carried out on two cucumber plantations of Cucumis sativus var. Joia Agroceres, from April to October 1999, in Guidoval, Minas Gerais State, Brazil. Each cucumber plantation presented 3,000 trellised plants, spaced 1.0 m apart within rows and 0.30 m between rows. Four rows and the first ten plants in the side of each row formed the border of the parcels while the remaining plants were used to collect the data.
Trichome density was evaluated in one leaf, collected monthly, from the apical part of the canopy of ten plants per plantation. The slide preparation and trichomes assessment were carried out as described by Leite (2000) . Levels of N and K in leaves of the cucumber were determined monthly in laboratory in one expanded leaf from the upper part of each of ten plants per plantation. These leaves were dried and grinded, then K was determined with flame photometer and N w a s analysed by the Nessler method. The gas chromatography/mass spectrometry (GC/MS) analysis was performed monthly with fully expanded leaves from the upper part of ten plants per plantation. Fresh leaves (10 g) were cut with scissors and immersed in a 100 mL hexane for 24 hours. The hexane extract was evaporated to dryness at 30 o C in a rotatory evaporator, sealed in nitrogen and stored in a freezer until analysis. The hexane extract was analysed with GC/MS and only compounds with a similarity index higher than 84% were considered. The morphological, nutritional and chemical analyzes were performed with three independent monthly evaluations for each of the two plantations.
Direct counting was used to estimate monthly the number of whitefly (Horowitz, 1993; Leite, 2000) adults and nymphs (determined as 4 th instar by visual inspection) and predators in the bottom, middle and apical parts of 30 plants per plantation (one leaf per plant). The beating tray method (Miranda et al., 1998 ) was used to estimate monthly the number of adults of Encarsia sp. (Hymenoptera: Aphelinidae) present in one leaf from each part of the canopy of 30 plants per plantation. Nymphal parasitism index, number of whitefly eggs and spatial distribution of the eggs in the cucumber plant were monthly evaluated with 40x magnifying lens. One leaf from each part of the canopy of 30 plants per plantation was collected. For each sample, six fields in the median part (between the median vein and the margin) were analyzed.
Climatic data, total rainfall as well as temperature, were obtained by pluviometer and thermometer (minimum and maximum) installed in the field during the experiment. Density of whitefly, natural enemies and trichomes were subjected to analysis of variance and the Duncan's multiple range test (p≤0.05). Regression analysis (p<0.05) were also carried out.
Results and Discussion
A higher number of whitefly adults and nymphs per leaf was observed on the third month, 22.02 and 30.47, respectively, than on the second, 2.09 and 1.09, respectively, as well as in the first month of evaluation, 0.35 and 3.90, respectively. A higher number of whitefly adults per leaf and eggs cm -2 in the apical part, 7.83 and 3.51, respectively, were observed than in the middle part, 4.00 and 0.89, respectively, and in the bottom part, 2.17 and 0.26, respectively, of cucumber canopy plants.
However, a higher number of 4 th instar nymphs was observed in the middle part (7.38) than in the apical and bottom parts of the canopy (4.06 and 4.00, respectively). B. tabaci lays its eggs on the younger leaves, often found at the apical part of the plants (Liu & Stansly, 1995; Leite, 2000) . This may be due to the tenderness or to the higher nutritional quality of these leaves, which favours feeding by whitefly (Lenteren & Noldus, 1990; Leite, 2000) . The second instar nymphs do not move much, and, since the plant continues to grow, the adults emerge on the inferior third part of the tomato plant (Liu & Stansly, 1995; Leite, 2000) . Simmons also (1999) reported increase in B. tabaci populations as pumpkin, eggplant, bean, zucchini and sweet pepper plants aged.
The incidence of whitefly nymphs was negatively affected by foliar N (y = 97.46 -18.04x, R 2 = 0.81), but no effect was observed on adults. The peak of foliar N (5.64% on dry matter) was observed 40 days after plant emergence (y = 3.33 + 0.11x -0.002x 2 , R 2 = 0.99). The foliar K did not affect whitefly in this work. Pentacosane (peak 36.374 min, IS = 94%) (y = -1.41 + 2.27x, R 2 = 0.94) and octacosane (peak 39.063 min, IS = 93%) (y = -14.13 + 6.32x, R 2 = 0.90) positively affected whitefly adults while the first compound also affected the nymphs of this pest (y = -0.20 + 2.94x, R 2 = 0.91). The two other identified peaks, 24.143 min (= α-humulene, IS = 84%) and 42.805 min (= nonacosane, IS = 93%) (Figure 1) , did not correlate with whitefly population. Increasing levels of K caused a reduction in octacosane (y = 12.79 -3.01x, R 2 = 0.99) and nonacosane (y = 10.24 -2.49x, R 2 = 0.96), and plant age led to an elevation in nonacosane (y = -0.29 + 0.07x, R 2 = 0.94) concentrations in cucumber plants.
These compounds have not been reported for cucumber. Although these compounds were identified with a high SI, their identity should be confirmed by other methods. It is necessary to isolate these compounds in large quantities and to identify them through more precise spectroscopic methods as well as to conduct bioassays with the pentacosane and nonacosane since it positively correlated with whitefly. The negative effect of N and positive effect of nonacosane and pentacosane levels on cucumber leaves attacked by whitefly might be an indirect effect, due to this insect population increase, in this work, as plants aging. A higher density of tector trichomes mm -2 (100% of the trichomes) was observed in the apical (3.23) than in the middle (2.57) and bottom (2.36) parts of the cucumber canopy, and no differences in trichome density were observed between leaf surfaces (adaxial or abaxial). Increasing plant age caused a reduction in trichome density mm -2 (y = 5.81 -0.05x, R 2 = 0.97). These compounds and also trichomes were not negatively correlated with whitefly populations. This can be explained by the fact that the cucumer has been genetically improved for a long time aiming to increase productivity. For this reason cucumber probably lost compounds and glandular trichomes, which are responsible for their protection against phytophagous arthropods.
Numbers (Heteroptera: Anthocoridae) (0.01 per leaf) were low in the area of study. The number of natural enemies was not significantly correlated with whitefly population and no parasite-infected whitefly nymphs were detected, probably because the number of natural enemies was low in the studied area. However, Encarsia sp. and predators Chrysoperla spp. and Coccinellidae have been used to control whitefly population in several plants (Legaspi et al., 1996; Liu & Stansly, 1996) and in some cases a positive effect was obtained (Hagler & Naranjo, 1994; Heinz & Nelson, 1996) . Whitefly population increased with plants aging probably due to the low number of natural enemies in the studied area.
Temperature and rainfall did not affect whitefly population in cucumber in this work. Hirano et al. (1995) , while studying population dynamics of B. tabaci in soybean and mung beans in Java and Indonesia, reported that climatic factors were not the main factors regulating the populations of this insect species. These authors reported that one of the major factors responsible for whitefly dynamics seems to be temporal variations in the quantity of host plants in the area. In this work, cucumber plantations were near (10 m) the other vegetable plantations, such as tomato and eggplant, and the population probably migrated from the last plantations.
Conclusions
1. Apparently, nonacosane and pentacosane are positively associated with whitefly population in cucumber; hence, in regions with a high incidence of this pests, cucumber varieties with lower wax leaf content should be choosen.
2. Only when whitefly reached nominal thresholds, should pulverization with selective insecticides be directed towards the leaves in the apical and middle parts of the plants, since these are regions in which the whitefly attack occurs.
3. An increase in the number of whitefly adults and nymphs per leaf is observed as plant aging.
